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The emergence of active learning classrooms (ALCs) on university campuses introduces a 
need for university teachers to have knowledge of the pedagogical use of physical space. We 
consider expanding two well-known frameworks for teacher knowledge. Pedagogical 
content knowledge (PCK) describes teacher knowledge about teaching discipline-specific 
content. Technological, pedagogical, and content knowledge (TPACK) recognizes digital 
technology as part of the knowledge base. With increased attention on learning spaces, we 
propose redefining technology to include non-digital technologies, (e.g. furniture, 
whiteboards). Further, we add “environment” to the knowledge base to address rhetorical 
communications from both the physical space and the classroom climate. 
Introduction 
The design and implementation of active learning 
classrooms (ALCs) is an increasingly common priority for 
institutions of higher education. While ALCs are currently 
considered experimental technologies, they are expected to 
be mainstream by 2022 (Brooks & McCormack, 2019). 
Teachers and students who have been teaching and learning 
in traditional classrooms for the better part of their academic 
careers may soon find themselves in a room with no clear 
“front” (Park & Choi, 2014) and with contrasting suggestions 
about what social dynamics and activities should take place 
there (Lisahunter, Rossi, Tinning, Flanagan, & Macdonald, 
2011; Norman, 2010). These physical and accompanying 
philosophical changes occurring on campuses across the 
country have been called for by numerous organizations 
(National Research Council, 2012; New London Group, 1996; 
Olson & Riordan, 2012). While ALCs certainly have the 
potential to answer this call, they represent the need for an 
expanded knowledge base held by teachers at all levels. 
Two well-known frameworks for teacher knowledge 
emerged from research on reforms in education. Shulman’s 
(1987) framework, Pedagogical Content Knowledge (PCK), 
was developed to describe the knowledge base teachers have 
as professionals of their discipline (i.e. teaching). More 
recently, as digital technology became integral to education, 
Mishra and Koehler (2006) described Technological, 
Pedagogical, and Content Knowledge (TPACK), to describe 
how teachers’ knowledge of these three components overlap 
when integrating digital technology. These frameworks 
invited a large body of literature on teaching and learning in 
both K-12 and higher education settings. However, just as 
reforms in education inspired the development of these two 
frameworks, increasing attention to learning spaces requires 
an expanded framework. 
Research on ALCs provides strong evidence that 
increased student performance in active learning courses 
taught in ALCs can, in part, be attributed to the physical 
environment (Brooks, 2011; Cotner, Loper, Walker, & 
Brooks, 2013; McArthur, 2015; Walker, Brooks, & Baepler, 
2011; Whiteside, Brooks, & Walker, 2010). However, 
instructional strategies that are misaligned with these 
student-centered spaces can be detrimental to student 
performance (Brooks, 2012; Lasry, Charles, & Whittaker, 
2014). The learning space sets certain expectations for 
teacher and student behaviors that influence learning 
outcomes (Gaffney, Gaffney, & Beichner, 2010; Smith, 2017) 
and the physical attributes of ALCs imply that students will 
be active participants in learning processes. ALC teachers’ 
awareness of messages sent by the environment and 
received by students impacts teaching and learning. 
We describe a conceptual framework that emerges from 
literature on learning spaces and the PCK and TPACK 
frameworks. We build on these two well-known 
frameworks by introducing a fourth component: 
environment. PCK and TPACK reasonably highlight the 
importance of considering how content, pedagogy, and 
digital technology overlap in teaching practice (Table 1), but 
recent research indicates that pedagogy and physical space 
should not be considered independently (Brooks & Solheim, 
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Table 1. Summarized definitions of knowledge domains described in Pedagogical Content Knowledge (PCK) (Shulman, 
1987) and Technological, Pedagogical, and Content Knowledge (TPACK) (Mishra & Koehler, 2006) frameworks. *Our 
expanded definition of Technological Knowledge includes transparent technologies. 
Knowledge Domains Short description 
Content Pedagogy Technology Teacher’s state of knowledge about… 
X   
Content Knowledge (CK) 
…concepts, theories, and procedures in their discipline and how knowledge within the 
discipline is constructed. 
 X  
Pedagogical Knowledge (PK) 
…broad principles of education including course and lesson design, classroom 
management, student assessment and evaluation, and the science of learning. 
X X  
Pedagogical Content Knowledge (PCK) 
…teaching their discipline. 
  X 
Technological Knowledge (TK)* 
…transparent (e.g. books and chalkboards) and digital (e.g. computers) technologies 
and the skills required to use them. 
 X X 
Technological Pedagogical Knowledge (TPK) 
…using technology to reach pedagogical goals. 
X  X Technological Content Knowledge (TCK) 
…the impact that technology can have on the subject matter. 
X X X 
Technological, Pedagogical, and Content Knowledge (TPACK) 
…effective practices of teaching their subject matter with technology. 
2014; Gaffney et al., 2010; Lasry et al., 2014; McArthur, 2015; 
McDavid, Parker, Burgess, Robertshaw, & Doan, 2018; 
Smith, 2017; Walker et al., 2011; Walls, Schopieray, & 
DeVoss, 2009; Whiteside et al., 2010). Before simply adding 
physical space to the framework, though, we consider that 
ALCs themselves are considered a technology. However, 
TPACK emphasizes primarily digital technology and does 
not necessarily address the importance of physical space 
(e.g. furniture arrangement). In the development of this 
framework, we expand the definition of technology to 
include non-digital (or transparent) technologies such as 
furniture, whiteboards, and desks. We add environment in 
order to separate the physical tools used for instruction (i.e. 
technology) from the messages conveyed by the learning 
space and teacher (i.e. environment).  
The Environmental, Technological, Pedagogical, and 
Content Knowledge (ETPACK) framework gives us a lens 
through which to examine teacher knowledge and practice 
that takes into consideration the environment in which 
learning is taking place. It can guide faculty development, 
observation and evaluation of instructional practices, as well 
as assessment of student learning. It also invites research 
that examines how teachers understand and are trained to 
consider their environment, which instructional strategies 
and tools best align with the environments in which they are 
used, and how physical spaces are designed/arranged based 
on teachers’ goals for those spaces. 
An Expanded Framework for Teacher 
Knowledge 
Inclusion of environment in a teacher knowledge 
framework introduces eight new domains that result from 
overlapping environmental knowledge with technological, 
pedagogical, and content knowledge as shown in Figure 1. 
This diagram differs from those used to illustrate PCK and 
TPACK since it involves relationships between four sets of 
knowledge. A typical Venn diagram composed of circles 
cannot represent the fifteen unique domains that arise from 
ETPACK. Thus, ellipses are used to illustrate the complete 
ETPACK framework. The following sections briefly describe 
each new domain and include examples of how each might 
manifest in a teaching setting. Before presenting these new 
domains, it is important to remember that, like PCK and 
TPACK, ETPACK does not describe correct conceptions in 
each of these domains. Rather, it describes the current state 
of one’s knowledge. Thus, the examples we provide are 
simply examples of what a teacher might do or know, not 
necessarily what is considered best practice. 
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Environmental Knowledge (EK) Within any space or part 
of any gathering of people are (often) unspoken social 
relationships that shape decorum, language, and even 
ideologies (Lefebvre, 1991). We propose that the 
environment of a course encompasses rhetorical messages 
and social relationships within a learning space. 
Environment is created in part by a physical or tangible 
component (discussed in the following section), as well as an 
intangible environment—a climate—that is established 
based on recurring behaviors and messages that are sent and 
received by human actions. Lisahunter et al. (2011) describe 
spaces as a combination of “other times, spaces, relations, 
processes, and practices” that are “layered” over time (p. 35). 
What this means for students and teachers specifically is that 
their experiences with and knowledge of teacher-student, 
teacher-teacher, and student-student relationships 
encourage and suggest that they behave in specific ways and 
perform specific actions. In a classroom, these recurring 
behaviors may manifest as students ceasing chatter when a 
teacher enters or teachers expecting that students will see 
them as an authority figure because of their education, 
status, age, gender, etc. Any behaviors that manifest within 
a space always stem from learned and practiced behaviors in 
similar spaces. 
Environmental Technological Knowledge (ETK) 
Because messages are always sent to individuals from a 
physical space and its tools, how those messages are 
received and how they recur shape relationships and 
identities. According to Walls et al. (2009), “spaces construct 
the social” (p. 284), meaning that the design, layout, and 
technologies of a space send messages to its inhabitants 
regarding who is welcome, and how people should behave 
and act within it. In other words, if 
technological knowledge is understanding 
what technologies can do, then ETK is 
understanding what technologies (including 
spaces) suggest (Devitt, Bawarshi, & Reiff, 2003). 
Online classrooms and new media, for example, 
suggest and facilitate different interactions and 
behaviors than physical classrooms (Manovich, 
2001; Selber, 2004; Selfe, 1999). Whether a digital 
interface or a physical one, technologies always 
play a role in determining what social activities 
and dynamics take shape. Moreover, 
technologies (i.e., spaces) always establish and 
reinforce power dynamics (Lefebvre, 1991). In a 
classroom, the teacher holds power over 
students and therefore stands at the front of the 
room facing them. Students sit facing the 
teacher and support the teacher’s power. ALCs, 
which often decenter spaces and break this 
dynamic, necessitate a conscious reworking of 
power dynamics (Lee, Alfano, & Carpenter, 2013). Thus, in a 
complete framework of teacher knowledge, ETK includes 
messages sent by the physical space and how those messages 
affect social relationships that take place within it. 
Environmental Pedagogical Knowledge (EPK) EPK 
describes a teacher’s consideration of messages received by 
students from intangible elements within a learning 
environment and how learning is affected as a result. 
Intangible elements are defined by the climate created by the 
teacher and students (Ambrose, Bridges, DiPietro, Lovett, & 
Norman, 2010). Factors that interact to determine course 
climate can include the tone set by the teacher, teacher-
student and student-student interactions, the range of 
perspectives represented in the content, what pedagogies 
are used, and characteristics of students in the course. The 
instructional decision to implement active learning 
pedagogies, for instance, conveys certain messages to 
students. While the intention might be to increase the value 
of class sessions, students’ experience in the course may 
leave them with the opposite perception (Gaffney et al., 
2010). EPK may influence instructional decisions about 
whether to include a “buy-in” activity before beginning the 
semester in a new type of classroom, how to word certain 
policies in the syllabus, or how to manage classroom 
discussions on sensitive topics. 
Environmental Content Knowledge (ECK) ECK is 
knowledge about how the discipline and its practitioners are 
perceived and how they shape social relationships. As 
members of their disciplines, teachers in higher education 
are part of several communities of practice (CoP), that is 
groups of people who share common practices, behaviors, 
tools, and jargon, and who maintain ongoing interactions 
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(Wenger, McDermott, & Snyder, 2002). In addition to the 
CoP of their specific discipline, teachers may also be part of 
larger CoPs (e.g. humanities, STEM) that have shared beliefs 
and values. The behaviors that members of these CoPs 
exhibit by participating in their unique practices send 
messages to those on the periphery of the CoP. Students are 
greatly influenced by these messages and build their 
professional identities on their observations of, and 
experiences with their teachers and the professional 
environment they create (Geschwind & Melin, 2016; 
Hirschy, Wilson, Liddell, Boyle, & Pasquesi, 2015). The state 
of a teacher’s ECK does not necessarily have direct 
implications on their teaching but on their interactions in 
general with anyone outside of the CoP. Indirectly, however, 
the state of a teacher’s ECK shapes how they mentor 
students and orient them to how members of their discipline 
exist within and interact with the world and culture around 
them. In turn, how they communicate topics of their 
discipline with others will influence how others view 
members of the CoP. 
Environmental, Pedagogical, and Content Knowledge 
(EPCK) As indicated previously, students are influenced by 
messages sent by a CoP about particular disciplines. EPCK 
describes a teacher’s awareness of that influence and its 
implications for instruction. Situated cognition considers 
learning a contextual activity and posits that students learn 
disciplinary content by engaging in tasks authentic to that 
discipline (Brown, Collins, & Duguid, 1989; Lave & Wenger, 
1991). The implication of situated learning theory is that 
leveraging messages sent by the CoP and discipline itself can 
facilitate learning of disciplinary content. However, CoPs, 
disciplines, and certain subject areas can send negative 
messages that a teacher might not want to leverage, but 
rather overcome in order to teach content. For example, 
chemistry students consider physical chemistry difficult 
because of abstract concepts (Sözbilir, 2004). A teacher’s state 
of EPCK might influence whether they are aware of this 
perception and how (and if) they choose to address it. 
Additionally, a teacher’s EPCK may influence their decisions 
about what content to cover, what teaching strategies to use 
to overcome common misconceptions, and what courses to 
require of students in certain majors. 
Environmental, Technological, and Content Knowledge 
(ETCK) Disciplinary spaces (e.g. writing centers, 
laboratories, art studios), technologies, clothing, and 
language used by CoPs are all interpreted and understood 
by various outside audiences. In other words, CoPs are 
never solely defined and understood by its members alone 
but are rather part of a shared interpretation of their role 
within the community at large. ETCK, therefore, includes 
concepts, content, and technologies typically used within the 
discipline, all of which send messages about what is 
important to practitioners of the discipline. These messages 
are especially important for students who are in the process 
of transitioning from a student identity to a disciplinary or 
professional identity (Berry, 2018). For example, O'Brien & 
Bates (2015) discuss their study on a CoP called Mentoring 
Aviators Through Educational Support (MATES), an 
undergraduate aviation program shaped around building 
student professional identities. Where many students attend 
classes wearing clothing such as jeans, t-shirts, etc., and 
interact with teachers whose profession is teaching, students 
of MATES attend weekly meetings wearing pilots’ uniforms, 
bring disciplinary tools such as pilots’ radios into their 
classrooms, and interact with current pilots and other 
professionals in the aviation field. The goals of MATES are 
to build a CoP among students who can share knowledge 
and identify their individual gaps of knowledge, create 
opportunities for students to develop meaningful 
disciplinary practices, develop a sense of student-
professional identity, and connect students to current 
industry professionals. While these goals are common 
among teachers in higher education, MATES can achieve 
these goals by bringing professional elements into learning 
spaces, and helping students experience professional 
messages sent and received by industry tools, clothing, and 
spaces. 
Environmental, Technological, and Pedagogical 
Knowledge (ETPK) If EPK focuses on messages 
sent/received by intangible elements of a learning 
environment, then ETPK focuses on tangible elements of a 
learning environment (arrangement of furniture, placement 
of whiteboards and projectors, existence and location of a 
podium, movement of the teacher, etc.) and how those 
elements affect teaching and learning. Tangible elements of 
the learning environment send messages about what the 
learning space is intended for (McWilliam, Sweet, & Blythe, 
2013; Smith, 2017) and have implications on learning 
outcomes. Students entering a collaborative learning 
environment may initially feel they lack authority in the 
space, especially when considering spaces they are more 
familiar with, like the lecture hall (Carpenter, 2014). In 
addition, once their initial expectations have been set by the 
physical space, deviating from pedagogies that align with it 
can be detrimental to their course performance (Lasry et al., 
2014). A very basic example of how technologies and spaces 
shape a learning environment is examining the structure of 
the common lecture hall. According to Park & Choi (2014), 
the modern lecture classroom has evolved very little since 
the Medieval period, where students would sit in rows and 
columns and face a teacher who often possessed the sole 
copy of the text being studied. Even though there has been a 
push in higher education for teachers to move from the “sage 
on the stage” role to the “guide on the side” or even the 
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“meddler in the middle” (Freeman et al., 2014; McWilliam et 
al., 2013), many students enter classrooms with desks or 
tables laid out in rows and columns facing a computer 
console, podium, and projector screen, and assume that they 
will take notes at their desks as their teacher lectures. While 
lecture and note-taking is not the only activity students 
encounter in this arrangement, it is so common that it is 
expected. Knowing this, and knowing that learning 
objectives for a specific class period entail group discussions, 
a teacher may choose to arrange desks or tables in a circle. 
This simple change in arrangement signals to students that 
their attention should be on each other as opposed to a 
central figure at the front of a room (Smith, 2017). 
Environmental, Technological, Pedagogical, and 
Content Knowledge (ETPACK) While the original 
inspiration to include environment in a teacher knowledge 
framework was the emergence of ALCs, implications of the 
ETPACK framework exceed far beyond day-to-day 
pedagogical and classroom design decisions. ETPACK not 
only describes teacher knowledge about what messages are 
sent by physical spaces and tools, but by discipline-specific 
spaces, tools, behaviors, and practices. It helps teachers think 
about how those messages will shape 
student behaviors, relationships, and 
learning within disciplinary learning spaces. 
This knowledge will influence how teachers 
approach course design and teaching in any 
learning environment and will influence 
their practice as they help students develop 
expertise in their fields and transition into 
professionals. It will also influence SoTL 
(scholarship of teaching and learning) 
studies that target how students learn with 
disciplinary tools and in disciplinary 
learning spaces. Finally, ETPACK can help 
make a case for a new generation of learning 
spaces that specifically target intersections 
of environment, technology, pedagogy, and 
content knowledge. 
Concluding Remarks 
Existing frameworks for teacher 
knowledge emerged from changing cultures 
in education and new approaches to and 
tools for teaching. PCK provided a way to 
study how teachers approach course design, 
lesson planning, assessment, and classroom 
management among many other teaching 
practices. When digital technology became 
integral to education, TPACK provided a 
means of studying how teachers use 
technology to meet pedagogical goals. Now, 
with ALCs emerging as a “mainstream” technology, we 
need a way to study how teachers think about using physical 
and social components of their learning spaces to meet 
pedagogical goals. ETPACK meets this challenge. As a 
whole, ETPACK is a framework for teacher knowledge that 
addresses how disciplinary spaces and tools are used for 
instruction. However, its component parts have implications 
for areas overlooked by other frameworks. For example, 
ETPK describes a teacher’s consideration of messages 
conveyed by learning spaces and tools, a lens through which 
we can study instructional approaches to teaching in ALCs. 
In order to describe ETPACK’s eight new knowledge 
domains, we assigned key words to each individual domain 
and used these keywords to construct questions that can be 
answered using one’s knowledge within each domain. The 
keywords are as follows: 
• Pedagogy: learning, teaching 
• Content: discipline, disciplinary 
• Technology: spaces, tools 
• Environment: suggest, messages 
Questions constructed using these keywords are 
presented for each of the eight domains in Figure 2. 
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The need for professional development for college 
teachers moving into ALCs has become apparent (McDavid 
et al., 2018; Stains et al., 2018). Teachers need to be aware of 
what spaces communicate to students and the implications 
of those messages on learning. Transparency about the 
purpose and intended use of spaces and alignment of 
learning outcomes with the use of physical spaces, content 
covered, as well as pedagogies and technologies used can 
help support students in reaching learning goals. Thus, 
ETPACK functions as a framework for professional 
development when physical space is the focus. Emphasizing 
each individual domain (content, pedagogical, 
technological, environmental) and their overlaps can help 
teachers make informed decisions when planning to teach in 
any learning environment.  
Research on ALCs, particularly in faculty development, is 
in its infancy. However, no existing framework adequately 
guides investigations of how teachers make instructional 
decisions in ALCs. This is because no existing framework 
addresses all of the knowledge domains that affect 
instructional choices including knowledge of classroom-
level environment. ETPACK gives researchers a framework 
for developing research questions and designing approaches 
to data collection and analysis for investigations of teaching 
when environment is of specific interest. Following the 
traditions of PCK and TPACK studies, research on ETPACK 
investigates the state of teacher knowledge, sources of 
teacher knowledge, and the development and 
implementation of teacher knowledge in various learning 
environments. Alternatively, research using ETPACK 
describes how teaching approaches, methods, and practices 
are influenced by the learning environment and vice versa. 
Finally, ETPACK can guide conversations on learning space 
design to support the practices of teaching and learning. 
 
References 
Ambrose, S. A., Bridges, M. W., DiPietro, M., Lovett, M. C., 
& Norman, M. K. (2010). How learning works: Seven 
research-based principles for smart teaching. San Francisco, 
CA: Jossey-Bass. 
Berry, L. (2018). Learning spaces are WAC: Investigating how 
classroom space design influences student disciplinary 
identities. Retrieved from University of Central Florida 
STARS. (5796). 
Brooks, D. C., & McCormack, M. (2019). Higher education's 
2019 trend watch & top 10 strategic technologies. Louisville, 
CO: EDUCASE Center for Analysis and Research. 
Brooks, D. C. (2011). Space matters: The impact of formal 
learning environments on student learning. British 
Journal of Educational Technology, 42(5), 719-726. 
doi:10.1111/j.1467-8535.2010.01098.x 
Brooks, D. C. (2012). Space and consequences: The impact 
of different formal learning spaces on instructor and 
student behavior. Journal of Learning Spaces, 1(2).  
Brooks, D. C., & Solheim, C. A. (2014). Pedagogy matters, 
too: The impact of adapting teaching approaches to 
formal learning environments on student learning. New 
Directions for Teaching and Learning, 2014(137), 53-61. 
doi:10.1002/tl.20085 
Brown, J. S., Collins, A., & Duguid, P. (1989). Situated 
cognition and the culture of learning. Educational 
Researcher, 18(1), 32-42.  
Carpenter, R. (2014). Negotiating the spaces of design in 
multimodal composition. Computers and Composition, 33, 
68-78.  
Cotner, S., Loper, J., Walker, J., & Brooks, D. C. (2013). " It's 
not you, it's the room"—Are the high-tech, active 
learning classrooms worth it? Journal of College Science 
Teaching, 42(6), 82-88.  
Devitt, A. J., Bawarshi, A., & Reiff, M. J. (2003). Materiality 
and genre in the study of discourse communities. College 
English, 65(5), 541-558.  
Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., 
Okoroafor, N., Jordt, H., & Wenderoth, M. P. (2014). 
Active learning increases student performance in science, 
engineering, and mathematics. Proceedings of the National 
Academy of Sciences, 111(23), 8410-8415.  
Gaffney, J. D., Gaffney, A. L. H., & Beichner, R. J. (2010). Do 
they see it coming? Using expectancy violation to gauge 
the success of pedagogical reforms. Physical Review 
Special Topics-Physics Education Research, 6(1), 010102-1 - 
010102-16.  
Geschwind, L., & Melin, G. (2016). Stronger disciplinary 
identities in multidisciplinary research schools. Studies in 
Continuing Education, 38(1), 16-28.  
Hirschy, A. S., Wilson, M. E., Liddell, D. L., Boyle, K. M., & 
Pasquesi, K. (2015). Socialization to student affairs: Early 
career experiences associated with professional identity 
development. Journal of College Student Development, 
56(8), 777-793.  
47
                    TEACHER KNOWLEDGE FRAMEWORK WITH ENVIRONMENT  
Journal of Learning Spaces, 8(1), 2019. 
Lasry, N., Charles, E., & Whittaker, C. (2014). When 
teacher-centered instructors are assigned to student-
centered classrooms. Physical Review Special Topics-Physics 
Education Research, 10(1), 010116-1 - 010116-9.  
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate 
peripheral participation. Cambridge, UK: Cambridge 
University Press. 
Lee, S., Alfano, C., & Carpenter, R. G. (2013). Invention in 
two parts: Multimodal communication and space design 
in the writing center. In R. G. Carpenter (Ed.), Cases on 
higher education spaces: Innovation, collaboration, and 
technology (pp. 41-63) Hershey, PA: IGI Global. 
Lefebvre, H. (1991). The production of space (D. Nicholson-
Smith, Trans.). Oxford: Blackwell. (Original work 
published 1974). 
Lisahunter, Rossi, T., Tinning, R., Flanagan, E., & 
Macdonald, D. (2011). Professional learning places and 
spaces: the staffroom as a site of beginning teacher 
induction and transition. Asia-Pacific Journal of Teacher 
Education, 39(1), 33-46. 
Manovich, L. (2001). The language of new media. Cambridge, 
MA: MIT press. 
McArthur, J. A. (2015). Matching instructors and spaces of 
learning: The impact of space on behavioral, affective 
and cognitive learning. Journal of Learning Spaces, 4(1), 1-
16.  
McDavid, L., Parker, L. C., Burgess, W., Robertshaw, B., & 
Doan, T. (2018). The combined effect of learning space 
and faculty self-efficacy to use student-centered practices 
on teaching experiences and student engagement. Journal 
of Learning Spaces, 7(1), 29-44.  
McWilliam, E., Sweet, C., & Blythe, H. (2013). 
Re/membering pedagogical spaces. In R. G. Carpenter 
(Ed.), Cases on higher education spaces: Innovation, 
collaboration, and technology (pp. 1-13) Hershey, PA: IGI 
Global. 
Mishra, P., & Koehler, M. J. (2006). Technological 
pedagogical content knowledge: A framework for 
teacher knowledge. Teachers College Record, 108(6), 1017-
1054.  
 
National Research Council. (2012). Discipline-based education 
research: Understanding and improving learning in 
undergraduate science and engineering. Washington, D.C.: 
The National Academies Press. 
New London Group. (1996). A pedagogy of multiliteracies: 
Desigining social futures. Harvard Educational Review, 
66(1), 60-92.  
Norman, D. A. (2010). Living with complexity. Cambridge, 
MA: MIT press. 
O'Brien, W., & Bates, P. (2015). “Looking and feeling the 
part”: Developing aviation students' professional identity 
through a community of practice. Teaching in Higher 
Education, 20(8), 821-832.  
Olson, S., & Riordan, D. G. (2012). Engage to Excel: 
Producing One Million Additional College Graduates 
with Degrees in Science, Technology, Engineering, and 
Mathematics. Report to the President. Washington, D.C.: 
Executive Office of the President, President’s Council of 
Advisors on Science and Technology.  
Park, E. L., & Choi, B. K. (2014). Transformation of 
classroom spaces: Traditional versus active learning 
classroom in colleges. Higher Education, 68(5), 749-771.  
Selber, S. A. (2004). Multiliteracies for a digital age. 
Carbondale: Southern Illinois University Press. 
Selfe, C. L. (1999). Technology and literacy in the 21st century: 
The importance of paying attention. Carbondale: Southern 
Illinois University Press. 
Shulman, L. (1987). Knowledge and teaching: Foundations 
of the new reform. Harvard Educational Review, 57(1), 1-23.  
Smith, C. (2017). The influence of hierarchy and layout 
geometry in the design of learning spaces. Journal of 
Learning Spaces, 6(3), 59-67.  
Sözbilir, M. (2004). What makes physical chemistry 
difficult? Perceptions of Turkish chemistry 
undergraduates and lecturers. Journal of Chemical 
Education, 81(4), 573.  
Stains, M., Harshman, J., Barker, M. K., Chasteen, S. V., 
Cole, R., DeChenne-Peters, S. E., . . . Laski, F. A. (2018). 
Anatomy of STEM teaching in North American 
universities. Science, 359(6383), 1468-1470.  
 
48
   TEACHER KNOWLEDGE FRAMEWORK WITH ENVIRONMENT
Journal of Learning Spaces, 8(1), 2019.
Walker, J., Brooks, D. C., & Baepler, P. (2011). Pedagogy 
and space: Empirical research on new learning 
environments. Educause Quarterly, 34. Retrieved from: 
https://er.educause.edu/articles/2011/12/pedagogy-and-
space-empirical-research-on-new-learning-environments 
Walls, D. M., Schopieray, S., & DeVoss, D. N. (2009). 
Hacking spaces: Place as interface. Computers and 
Composition, 26(4), 269-287.  
Wenger, E., McDermott, R. A., & Snyder, W. (2002). 
Cultivating communities of practice: A guide to managing 
knowledge. Boston, MA: Harvard Business School Press. 
Whiteside, A., Brooks, D. C., & Walker, J. (2010). Making 
the case for space: Three years of empirical research on 
learning environments. Educause Quarterly, 33. Retrieved 
from: https://er.educause.edu/articles/2010/9/making-the-
case-for-space-three-years-of-empirical-research-on-
learning-environments  
49
